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Adolescent idiopathic scoliosis (AIS) is a complex 3D deformity of the spine, which may 
require surgical correction in severe cases. Computer models of the spine provide a 
potentially powerful tool to virtually ‘test’ various surgical scenarios prior to surgery. Using 
patient-specific computer models of seven AIS patients who had undergone a single rod 
anterior procedure, we have recently found that the majority of the deformity correction 
occurs at the apical joint or the joint immediately cephalic to the apex (SSA 2012 abstract, 
Little et al). In the current paper, we investigate the biomechanics of the apical joint for these 
patients using clinically measured intra-operative compressive forces applied during implant 
placement. The aim of this study is to determine a relationship between the compressive 
joint force applied intra-operatively and the achievable deformity correction at the apical joint.   
 
METHODS 
Using low-dose computed tomography (CT) data, patient-specific computer models of the 
spine and ribcage for seven AIS patients who underwent a single rod anterior procedure 
were generated. Material parameters for the spinal tissues and titanium implant were derived 
from the literature [1]. Intra-operative compressive forces applied across the fused joints 
were obtained from the study by Fairhurst et al., [2], who measured these loads using an 
instrumented surgical cable compression tool. Three compressive loading profiles were 
simulated, representing both the mean and plus/minus one standard deviation from the 
mean compressive segmental force. For each loading profile the predicted correction in the 
apical disc space (level-wise Cobb angle) was compared to the maximum possible deformity 
correction which could be achieved. This maximum possible correction was calculated as 
the point at which bone-to-bone contact occurred between adjacent endplates.  
 
RESULTS 
For six of the seven patients in the study, increasing compressive load gave greater 
correction at the apex. For the remaining patient, increasing intra-operative compressive 
loads resulted in a diminishing correction at the apical disc space, since these corrective 
forces were sufficient to cause bone-to-bone contact between adjacent vertebral endplates. 
  
DISCUSSION 
These results suggest that applying higher corrective forces than the current mean clinical 
load profile could increase correction since the loads applied in this study were only 
sufficient to reach the maximum achievable correction in one of the seven patients 
simulated. However there is a critical load which may be applied, beyond which there will be 
minimal improvement in the correction of the deformity at the apical disc space. These 
conclusions must be viewed in the light of the potential for complications (e.g. screw plough) 
associated with higher intra-operative corrective forces.  
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